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INTRODUCTION: 
Recent evidence would suggest that benign ganglioneuromas are not so 
benign. A new syndrome of a ganglioneuroma associated with chronic diarrhea 
1-8 
in infants has been reported in seven cases. 
SYNIROME 
The consistent findings in all seven cases are: 1) persistent diarrhea 
unrelieved medically, 2) abdominal distension, 3) weight loss, 4) mass det-
ectable by roentgenogram, 5) elevated urin&ry catecholamines, and 6) each 
patient is under three years of age. 
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In each case the diarrhea was described as watery. No blood or mucus 
was present. The average frequency of bowel movements was eight to nine 
times per day. Abdominal distension was present in each case. Exact weight 
loss is noted in only two histories. Green's case jl lost 2.5 kilograms and 
Hawfield's patient lost 7.3 pounds, or approximately one third of his weight. 
No specific weight loss is mentioned in the other cases, but it is reported 
as a symptom in each case. 
The duration of the diarrhea prior to admission persisted for 2 months in 
one case, 3 months in three other cases, 10, 12, and 16 months in the three 
other cases. There is no mention of the volume of stool per movement, nor 
is there mention of the state of hydration or dehydration. 
Physical ex a'llination revealed elevated blood pressures in three infants 
(130-140 systolic). Diaphoresis was present in two cases, malar flushing in 
one other case. Pallor was noted in one case. A rash was reported in three 
cases: milll.arial rash on arms, upper trunk and head in one case, another 
had a macular rash across the forehead and at the hairline, and the other was 
merely described as a perioral rash. A cough was present in two cases, where 
the tumor was located in the chest. 
A mass either in the posterior mediastinum or in the abdomen was des-
cribed by the roentgenologist in each case. 
The initial diagnosis was either celiac disease or cyst~ disease of 
the pancreas. Three negative stools for trypsin, duodenal drainage having a 
normal content of trypsin, and stools with normal amounts of fats and starches 
excluded this diagnosis. 
Diagnosis of an infection or of parisitic infestation was eliminated by 
negative stool culture for enteric pathogens, ova, and parasites. Complement 
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~ fixation tests for amebiasis and leptospirosis were negative, as well as 
' 
skin tests for tuberculosis and nycotic antigens. 
Clinical trials of 1) elimination diets, 2) antibiotics, J) vitamin 
suoplements, and 4) various medical therapeutic tests were attempted. The 
elimination diets included starvation, goat's milk, denatured diets, celiac 
diets, and pancreatic granules, The antibiotics ranged from chloromycetin to 
kaopectate. Concentrated vitamins, iron, liver extract, and Bl2 were added 
to the diet. The therapeutic trials included prostigmine, thyroid extract, 
regitine, and steroids. 
HISTORY: 
In 1870 Loretz described a tumor in the mediastinum composed of sympa-
thetic ganglion cells intertwined by sheathed neurites. In 1947 Stout 
reviewed 2JJ cases of ganglioneuroma and added 10 cases of his own. These 
tumors did not appear to influence body endocrine or produce evidence of 
hormonal activity. 9 Russell et al, in their new textbook of neuropathology 
refer to the "innocent behaviour• of ganglioneuromas -- attributing occas-
sional mechanical pressure symptoms.10 In fact, it is the theory of some 
that malignant neuroblastomas are at times transformed into benign ganglio-
10, 11, 12. 
neuromas. 
The first case of ganglioneuroma associated with chronic diarrhea was 
reported by Hawfield and Daisley in 1952.1 Rice et al, discussed the same 
case in a clinico-pathological conference the following year.1J In May 1959 
Green et al. reported three cases with an identical syndrome. 2 In 1960 Stickler 
et al. reported one cast and Greenberg et al, added the last two. 4•5· 
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Stickler was the first to demonstrate elevated catecholamines in the 
urine of patients with this tumor. Greenberg confirmed this increase of 
catecholamines with two of his patients. 
INCIDENCE: 
Russell regards ganglioneuromas as adult tumors, though she is cognisant 
thd sixty percent of Stout's cases were under the age of twenty.10 Stout 
reported sixty nine cases under the age of ten years. However, there are only 
three cases reported under the age of four years.9 The age incidence for these 
newly discovered functioning tumors is much younger. The ages ranged between 
thirteen and thirty months, the average being twenty-one months. This seeming 
age disparity has two possible explanations: 1) spontaneous recovery as the 
child gets older and 2) early death of the patient of related or unrelated 
causes, the diagnosis of ganglioneuroma never being made. 
Stout recorded a female predominance of three to two. 9 The seven patients 
with functional ganglioneuromas included three boys and four girls. 
The commonest sources of origin are the great chains of sympathetic 
ganglia which extend from the base of the skull into the oelvis passing 
through the neck, posterior mediastinum, and the retroperitoneal regions 
including the suprarenal medullas.10 
Of Stout's 243 cases, 24 were of the neck, 62 of the mediastinum, 
134 variously located in the abdomen, and 23 miscellaneously located.9 
Of the seven secreting tumors, three were of the posterior mediastinum, 
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one at the bifurc2tion of the abdominal aorta, one just below the diaphragm, 
another in the right vertebral gutter at the tenth thoracic vertebra, and the 
last at the third lumbar vertebra. 
PATHOLOGY: 
"Ganglioneuromas present as large, well circumscribed tumors of firm, 
often hard consistency, and spherical or elliptical occasionally lobulated 
outline. Mediastinal growths are sometimes, soinal ones almost invariably, 
dumb-bell shaped. Of tumors arising from the sympathetic chains an attach-
ment to the parent ganglion may be identified. The fully differentiated 
forms are invariably encapsulated. The cut-surfaces are usually uniform and 
fibrous in anpearance, :d.th a greyish white or slightly yellowish tint, and 
an ill-defined bulging whorled pattern. Focal calcification is fairly frequent. 
Mfhe first impression gained on cursory microscopic examination is usually 
that of a richly fibrillary neurofibroma, but on closer inspection abnormal 
ganglion cells, arranged singly or more frequently in groups and streams, are 
readily identified. Degenerative changes in the nerve cells are frequent. 
Binucleation, and to a lesser extent multinucleation, are common features. 
Mitotic features on the other hand are not met. The cells are all of mature 
a9pearance. 
"The fairly scanty ganglionic elements a1·e separated by abundant Schwann 
cells and reticulin as well as numerous wavy, interlacing axones ensheathed 
by a more orderly arrangement of Schwann cells and endoneurium. These may 
constitute relatively well-formed bundles or the arrangement maybe more dis-
orderly. Some neurites are medullated, most are usually not. Normal nerve 
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bundles are occasionally seen and constitute the incorporated remnants of 
sympathetic rami. 
"A variable collogen stroma, forming broad trabeculae or compressed 
bundles, separates these neuritic formation. Not infrequently it is the 
seat of hyaline or even myxomatous degeneration. More extensive evidence of 
degeneration, such as cyst formation, fatty change, and calcification is not 
uncommon ... 10 
This tumor is readily differentiated from a pheochromocytoma, since 
ganglioneuromas will give a negative chromaffin reaction, whereas the 
pheochromocytoma will give a positive reaction.l0 
DIAGNOSTIC STUDIES; 
There are no significant hematologic or chemical abnormalities. There is 
a consistent finding of hypokalemia in these patients. Gardner has offered 
this as a possible cause of the diarrhea.6 It is more likely secondary to the 
diarrhea. 
~ANALYSIS: 
... 2 In only one case has a stool analysis been done. Green's case r2 had 
a three day stool collection of 5.50 grams of fat and 0.465 grams of nitroge·,,. 
These are normal values for the diet used. The patient received a cow's milk 
diet and three slices of bread per day. The milk intake during this three day 
period amounted to 4,500 milliliters. This data would eliminate the malabsorP-
tion of fat and protein as a cause of diarrhea, but there is still the possibility 
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of a carbohydrate malabsorption. 
~ ANALYS.J,S: 
A low urine SFecific gravity has been reported in these patients. 
Greenberg4 deprived his thirty month old patient of fluids for twelve hours. 
The urine specific gravity was 1.009. Urine collections for six consecutive 
pre-operative twenty-four hour periods measured volumes of 960, 765, 740, 
550, 1005, and 960 milliliters. The soecific gravities ranged between 1.005 
and 1.010. This inability to concentrate may be explained by the patient's 
hypokalemia. 
Thus far, quantitative catecholamine determinations of the urine seems 
essential to specific diagnosis. Of the seven cases of ganglioneuroma with 
chronic diarrhea reported in the literature, catecholamines were mee.sured in 
only two cases. Since the values were not reported in the same units, the two 
determinations are presented separately. 
4 Greenberg : JO month old white female. 
norepinephrine Cwj./24 hours) 
epinephrine ~/2~ hours) 
J-methoxy-4 hydroxy mandelic acid 
( /mg. urino.ry creatinine) 
Dopamine CMft./24 hours) 
Homovanillic acid (mg./24 hours) 
pre-operative 
148 
J.6 
25 
2,8JJ 
58 
post operative 
17.1 
o.o 
1.25 
100 
12.5 
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Stickler3: 19 month old white male 
patient normal child 
urinary catecholamines( /24 hours) 111 42 
methoxycatecholamines 
Total ( /24 hours) 
Free ( /24 hours) 
6,550 1,110 
3,470 
3-methoxy-4 hydroxymandelic acid 
( /24 hJurs) 2,100 1,110 
The normal excretion values of twenty-four hour urinary catecholamines 
measured by Greenberg are: norepenephrine 8.0 + 4.0 micrograms per 24 hours, 
epenephrine 1. 2 :± 0. 5 micrograms per 24 hours, 3-methoxy-4 hydroxymandelic 
acid 1. 5-7.5 micrograms per milligram of urino,ry creatinine, and dopamine 
5-10 times norepenephrine values. Normal values for homovanillic acid are 
not as yet determined.4 Values for newborn infants are in the range of 
adult figures and confirm the above adult values. The twenty four hour 
urine levels for infants measured: norepenaphrine 0.57-3.30 micrograms per 
14 
twenty four hours and epinephrine 0.0-0.77 micrograms per twenty four hours. 
COLONIC MOTILITY STUDIES: 
Stickler7 studied colonic motility by introducing a double balloon 
system in the colon. During a control period of 42 minutes, there was 
little type I activity but no other contractions occurred. This was regarded 
as an abnormally quiet bowel. Indeed there was so little activity that the 
question of paralysis was raised. 
After t>To milligrams of phentolamine methane sulfonate had been 
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administered intramuscularly, the activity increased, more type I waves were 
seen and for the first time there were bursts of tyoe II and III activity 
during one of which a type IV wave occurred and the child had a bowel movement. 
Stickler7 also observed the effect of 3-methoxy-4 hydroxymandelic acid 
and of an extract of the patient's urine on the smooth muscle of the guinea 
pig's ileum. Neither substance caused the guinea pig gut to contract. The 
urinary extract reduced the contraction of the gut in response to histamine. 
ROENTGENOGRAPHIC FINDINGS: 
A mass either in the posterior mediastinum or in the abdomen was described 
by the roentgenologist in each case. The radiologic diagnosis is readily made 
when the tumor anpears in the posterior mediastinum: the relatively few organs 
in the posterior mediastinum and transparency of the lung fields contributing 
to this facility. However, the tumors of the abdomen might be missed, unless 
they are quite large and displace meighboring structures or contain calcific 
densities. 
There is scant data of the radiologic picture of the bowel in these patients 
2 
with diarrhea.Green's Case #1 exhibited generalized distension of intestinal 
loops on a flat film of the abdomen. Stickler's patient7 showed small bowel 
segmentation of barium characteristic of malabsorption syndromes. The stomach 
and colon examinations were negative. 
DISCUSSION: 
Green first hypothesized that ganglioneuromas might function as endocrine 
tumors and secrete a neurohumoral substance that has among its effects alterations 
in the motility of the gastrointestinal tract. 2 This theory of a secreting tumor 
was soon substantiated by Stickler) and Greenberg. 4 Both demonstrated increased 
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catecholamines in the urine of patients with a ganglioneuroma tumor associated 
with diarrhea. Surgical removal of the tumor caused the catecholamine levels 
to revert to normal. 
In six cases surgical removal and in the other case steroid therapy pro-
duced remission of the diarrhea.15 The six surgically treated cases showed 
simultaneous decrease of urinary catecholamines and remission of the diarrhea. 
However, the steroid treated case had remission of the diarrhea, as long as 
steroid management was continued, but continued to excrete elevated urinary 
levels of catecholamines. 
The cessation of the diarrhea and the reduction of urinary catecholamines 
after surgical extirpation of the tumor suggests a direct relationship between 
the tumor and the chronic diarrhea. The mo~t logical explanation for this 
cessation of the diarrhea is the assumption that the tumors fall into the group 
of "functioning neoplasms" and secrete a substance thct causes diarrhea. If 
so, we must assume that the diarrhea is caused either by the elevated catecho-
lamines or by some other humoral mechanism secreted by the tumor, but as yet 
undetected. 
In suoport of the theory that the elevated catecholamines are responsible 
for the chronic diarrhea two arguments can be presented. First, Stickler was 
able to demonstrate decreased colonic motility in his patient.7 This decreased 
. 16 17 Munro further demonst-
motility is the expected action of norepinephr~e. ' 
rated that noradrenaline abolished the tone and rhythmicity of the longitudinal 
18 
musculature of the intestine. 
Second, Youmans has shown that though adrenaline injection, is continued, 
the intestine steadily regains motility. This "breakthrough" occurs even though 
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comparatively large doses of adrenaline are used. When the adrenaline injection 
is terminated, a oeriod of hypermotility ensues in the recovery phase. This 
consists of tonic waves and a greater than normal amplitude of rhythmic con-
tractions.19 Each "breakthrough" maybe causes a bowel movement and the cycle 
starts again. 
There is much substantial evidence to prevent the establishing of a cause-
effect relationship between diarrhea and elev&ted catecholamines. 1) Not all 
patients with neurogenic tumors that secrete elevated catecholamine levels have 
diarrhea, Stickler presents such a case.7 However, his patient is five and one-
half years old. All patients with tumors and diarrhea were under three years 
old. Somatic maturation may be a factor. 2) Patients with pheochromocytoma 
secrete increased amounts of catecholamines but diarrhea is present in less than 
five percent of cases. 20 3) Also disconcerting is the observation that paroxysmal 
hypertension characteristic of pheochromocytoma is observed in three of the seven 
cases, but only if systolic pressuresof 130 and 140 can be considered as hyper-
tensive levels in young infants. 4) Stickler administered two milligrams of 
Regitine to his patient, this sympatholytic drug had no effect on the diarrhea. 7 
5) Steroid therapy produced remission of the diarrhea, but had no effect on 
the elevated catecholamine levels.7 
If no cause-effect relationship between elev~ted catecholamines and diarrhea 
exists, other possibilities must be sought. 
The possible pharmacologic effects of the breakdown products of the catecho-
lamines has to be considered. Evarts found that 0-methylation at the 3 position 
is an effective means of inactivating norepenephrine and epinephrine. 21 This 
methylation includes the principle metabolites: metanephrine, homovanillic 
acid, and 3-methoxy-4 hydroxy mandelic acid. Dopamine, a precursor of norepi-
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nephrine, is a relatively weak pressor agent. 22 
Green hypothesized an increased serotonin level as a cause of the chronic 
diarrhea. The urine of three patients had normal amounts of 5-hydroxy-indole-
acetic acid, a metabolite of serotonin that is excreted in increased quantities 
by patients with functioning carcinoid tumors who may have diarrhea associated 
with very active bo•;el motility. 
Experimentally,23 as well as clinically,24 it has been shown that increased 
levels of pressor amines may produce a necrotizing obliterative endarteritis, 
compromise the circulation, and thus oroduce gastrointestinal lesions. Youmans 
has shown that epinephrine does not inhibit intestinal motility to any significant 
degree by altering the blood supply of the intestine. As evidenced by volume 
studies, there is no correlation between the blood supply of the intestine and 
its inhibition by epinephrine.l9 
Stickler favors the view that some product of the tumor alters the behavior 
of the mucosa of pBxt of the alimentary tract, causing net "exsorption" of water 
and some electrolytes.? If such a quantity "X" does exist~its actions must be 
solely on the mucosa, since it has been shown thcct urine extracts of these 
patients does not alter intestinal motility.? 
CONCLUSION: 
A small percentage of ganglioneuroma tumors have demonstrated hormonal 
activity. A syndrome of ganglioneuroma tumors associated with chronic diarrhea 
has been established. Though elevated catecholamine levels have been found in 
the urine of these patients, the exact relationship of increased catecholamines 
to the diarrhea has yet to be established. Other explanations of the cause of 
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the diarrhea have not been satisfactory. 
Since these tQmors seem to affect only infants under three years of age, 
there is the possibility of an age factor. The state of maturation of the 
gastrointestinal tract or the nervous system may be the factor to explain wqy 
certain patients with this tumor, even though they have elevated catecholamines, 
do not have diarrhea. 
In the study of future cases, attempts should be made to establish the 
mechanism of action of this syndrome-ganglioneuroma with chronic diarrhea 
in infants. The answers, sought and found with these tumors, may be the key 
needed to explain the diarrhea associated ;ath such endocrine states as, 
diabetes, thyrotoxicosis, and Addison's disease and to explain the etiopathic 
small bowel "hurry" syndrome and the large bowel irritable syndrome. 
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